Crosstalk between genetics, gene expression and biochemical markers supports systemic iron homeostasis dysregulation in alzheimer disease by Crespo, A et al.
CROSSTALK BETWEEN GENETICS, GENE EXPRESSION AND BIOCHEMICAL MARKERS SUPPORTS SYSTEMIC IRON 
HOMEOSTASIS DYSREGULATION IN ALZHEIMER DISEASE  
Ângela C. Crespoa,b,*, Bruno Silvac,*, Catarina Ferreirad, Liliana Marquesae, Erica Marcelinod, Carolina Marutad, Sónia Costaf, Ângela Timóteof, Arminda Vilaresa, Frederico Simões 
Coutod, Paula Faustinoc, Ana Paula Correiag, Ana Verdelhod, Graça Portoh, Manuela Guerreirod, Ana Herrerof, Cristina Costaf, Alexandre de Mendonçad, Luciana Costaa,e and 
Madalena Martinsd,b,
a Health Promotion and Prevention of Noncommunicable Diseases Department, Instituto Nacional de Saúde Dr. Ricardo Jorge, Lisboa, Portugal
b Instituto Gulbenkian de Ciência, Oeiras, Portugal
c Human Genetics Department, Instituto Nacional de Saúde Dr. Ricardo Jorge, Lisboa, Portugal
dInstituto de Medicina Molecular, Faculdade de Medicina da Universidade de Lisboa
1649-028 Lisboa, Portugal E-mail: catarina.ferreira@fm.ul.pt
e Center for Biodiversity, Functional and Integrative Genomics, Faculdade de Ciências da Universidade de Lisboa, Lisboa, Portugal
f Neurology Department, Hospital Prof. Dr Fernando Fonseca, E.P.E., Amadora, Portugal
g Hospital Magalhães Lemos, Porto, Portugal
h Center for Predictive and Preventive Genetics, Instituto Biologia Molecular e Celular, Porto, Portugal
The distinction between normal aging and Alzheimer’s disease (AD) is a first and relevant
step to combat this disease efficiently. Because of the clinical interest in predicting patient
evolution and prognosis, the identification of biomarkers and the unravelling of genetic factors
underlying AD are of crucial importance.
Several lines of evidence implicate an imbalance of the redox-active biometals, copper and
iron in AD. Metal-catalyzed hydroxyl radicals are potent mediators of cellular injury and are
central to the oxidative injury hypothesis of AD pathogenesis [1,2].
In this study, we seek to further investigate this hypothesis through the identification of
serum biomarkers/endophenotypes related to Fe/Cu metabolism and candidate genes involved in
Fe/Cu homeostasis.
In fact, an important genetic component has been recognized for AD [3]. Several candidate
genes involved in Fe/Cu metabolism were evaluated for their contribution to AD susceptibility and
to the assessed biological marker distributions.
This integrative approach is planned to deal with heterogeneity in these complex disorder, and
will power phenotypic data expressed in AD to identify susceptibility loci, and further elucidate
the contribution of Fe/Cu metabolism disruption to the etiopathogenesis of AD.
SUBJECTS AND SAMPLE COLLECTION
A total of 116 AD patients (76.6 6.9, 24 men and 92 women) and 89 healthy volunteers
(68.2 7.7, 38 men and 51 women) were recruited at Hospital de Santa Maria, Hospital Fernando
Fonseca and Hospital Magalhães Lemos. Blood samples were collected by venipuncture under
no fasting conditions in serum gel and EDTA tubes.
The study was submitted and approved by the local ethics committee and each donor or legal
representative signed an informed consent before blood collection.
BIOCHEMICAL MEASUREMENTS
Serum iron (Fe), transferrin (Tf), ferritin (Ft) concentration and transferrin saturation (Tf Sat.) were
measured. PASW Statistics 18.0® (SPSS Inc.) software was used for MANCOVA and logistic
regression analysis of all biochemical data.
GENETIC ANALYSIS
SNPs were evaluated by highthroughput genotyping in APOE (apolipoprotein E) and Fe/Cu
metabolism-related genes: CYBRD1 (cytochrome b reductase 1) , HAMP (hepcidin), HFE
(hemochromatosis gene), IREB1/2 (iron responsive element binding protein 1/2), SLC11A2
(i) To screen a set of SNPs in Fe metabolism−related genes and APOE in a sample of 116 AD
patients and 98 healthy controls;
(ii) To compare serum biomarkers of Fe metabolism in the same samples;
(iii) To analyze the expression level of several Fe metabolism genes in the peripheral blood
mononuclear cells (PBMCs).
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(divalent metal transporter 1) , SLC40A1 (ferroportin), TF (transferrin), TFR2 (transferrin receptor
2).
SNPassoc® package for R 2.8.1® (1999-2006 R Development Core Team) was used for logistic
regression analysis of the genotyping data for association with AD (adjusted for age and gender).
P-values <0.05 were considered statistically significant.
Table 1: Means, standard deviation and normal range of each biochemical parameter measured in serum from AD cases and controls, after removal of outliers.
Table 2. Multivariate analysis of variance of the biochemical parameters between AD patients and controls. Sex and age
are used as co-variables in the analysis
Table 3: SNPs significantly associated with higher risk of AD
IRON METABOLISM BIOMARKERS IN ALZHEIMER’S DISEASE
SPECIFIC IRON METABOLISM GENE VARIANTS IN AD
We hypothesize that the low systemic Fe status profile observed in AD patients could
be due to impaired regulation of cellular Fe efflux.
The intracellular accumulation of Fe, particularly in the brain would lead to a rise in
oxidative damage, contributing to the AD pathophysiology.
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To determine whether Fe metabolism-related gene variants were associated with susceptibility to AD in a Portuguese group, allelic, and genotypic frequencies were compared
between patients with AD and healthy control subjects.
The results show that specific iron metabolism related gene variants are associated with AD susceptibility.
